Channelopathies are a heterogeneous group of disorders characterized by defects in ion-channel function. One of the major effects of channelopathies are changes in the excitability of different cell types, commonly leading to epileptic seizures due to aberrant ion flow within cells. Until now, neurological channelopathies have been mostly restricted to the malfunction of mature neurons, specialized cells that take advantage of ion channels in response to stimuli. Smith et al. (2018) have, however, shown a number of novel findings that widen this association:
(1) Patients with a specific channelopathy, which results from mutations in the gene SCN3A, do not always suffer from seizures/ epilepsy but rather are affected by a structural malformation of cortical development, namely polymicrogyria. (2) The sodium channel NaV1.3, encoded by SCN3A gene, is expressed mostly during development rather than in the adult brain suggesting an alternative function. Pathogenic variants of genes encoding for sodium channels, e.g., SCN1A, SCN1B, and SCN2A, are present in the central nervous system and are typically associated with severe forms of epilepsy (Spillane et al., 2016) . Here, Smith et al. (2018) found a remarkable cohort of patients from six unrelated families with mutations in the gene SCN3A, which encodes for the sodium channel Nav1.3, and showed that patients carrying these mutations do not typically exhibit epilepsy.
Channelopathies have not been associated with developmental cortical malformations, like for instance aberrant proliferation of progenitors or neuronal migration defects (Spillane et al., 2016) . On the contrary, Smith et al. (2018) found a critical role of Nav1.3 in neurodevelopment: patients with mutations in SCNA3 are affected by a variety of structural defects detected by magnetic resonance imaging (MRI), including bilateral perisylvian polymicrogyria, unilateral perisylvian polymicrogyria with abnormal sulcation, and bilateral frontoparietal polymicrogyria with microcephaly, associated with neurologicaloral motor and/or speech deficits.
What is the function of this channel in neurodevelopment, in particular when neurons are not yet mature? Beside action potentials, what is the molecular/ cellular function of Nav3.1 that makes it essential for correct positioning of migrating neurons?
These questions clearly arose from the first unexpected analysis of affected patients. Smith et al. (2018) started their journey by addressing the basic function of this channel. To tackle the physiological proprieties of the Nav1.3 channel, they overexpressed the SNC3A and two pathological mutant forms of the SCN3A (F1759Y and I875T) in a human cell line and evoked transient sodium current while patch-clamp recording. They found clear changes in the electrophysiological characteristics of the mutant channels compared with control SNC3A. Interestingly, the two pathological mutant forms show opposite proprieties suggesting that malfunction of this channel correlates with either increased or decreased sodium flux, either of which is equally damaging. Importantly, patch-clamp analysis of human-derived primary fetal neurons demonstrated that young human neurons display sodium currents but do not respond with action potentials upon stimulation in the three different conditions. This supports the novel finding that SCN3A may have a non-action potential role during development.
Intrigued by these results, combined with developmental expression of SCN3A and the polymicrogyria present in the observed patients, Smith et al. (2018) then investigated such alternative role(s) of SCN3A in human development.
Establishment of configured gyri has been correlated to two main developmental events: the appearance of basal/ outer radial glial cells (Fietz et al., 2010; Hansen et al., 2010; Reillo et al., 2011) and fine regulation of neuronal migration (Del Toro et al., 2017) .
Basal/outer radial glial cells are progenitors derived from apical radial glial cells that delaminate from the ventricular zone and, by losing their apical process, acquire a different morphology. Supporting their role in brain complexification, basal/outer radial glial cells have been shown to be enriched in gyrified species, including human and ferret.
Several evidences, including high expression during development in a subclass of progenitors and neurons, directed Smith et al. (2018) to hypothesize that SCN3A may be an essential player in the regulation of basal/outer radial glial cells. Particularly interesting would be to further investigate whether the expression of SCN3A is spatially distributed during human development to correlate dynamic expression with the area of aberrant folding as previously suggested for the ferret model system (de Juan Romero et al., 2015) . Inspired by this model, to find a function of SCN3A in gyrification, Smith et al. (2018) took advantage of the ferret, as it is highly enriched in basal/ outer radial glial cells and is equipped with a simple, well-characterized, pattern of gyrification (de Juan Romero et al., 2015) . Overexpression of mutant pathological forms of SCN3A strikingly results in atypical gyrification (not the case for overexpression of the SCN3A). Furthermore, neurons with high levels of the pathological mutant channels form gray matter heterotopia, a neuronal migration disorder that has been associated with neuronal migration defects and aberrations in the morphology of radial glial cells (Cappello et al., 2012; Kielar et al., 2014) . This could be explained by alterations in number or morphology of basal/outer radial glial cells, as they are known to guide young neurons from the outer subventricular zone to the cortical plate (Reillo et al., 2011) .
Alternatively, the polymicrogyria and neuronal heterotopia observed in the ferret could be elucidated by intrinsic or extrinsic alterations in neuronal signaling. For instance, changes in the level of sodium flux could result in direct or indirect (via, e.g., changes in calcium levels) transcriptional regulation of surface molecules (e.g., FLRTs; Del Toro et al., 2017) essential for neurons to follow the correct migration trajectories, leading to proper cortical layering. An alternative hypothesis could support altered SCN3A function in the generation of a microenvironment that is not accommodating for neuronal migration of a specific subpopulation of neurons.
Many other possibilities can be plausible, indeed Schwab and colleagues reviewed (Schwab et al., 2012 ) that changes in membrane potential (regulated by ion channels) can be crucial in regulating the cell cytoskeleton, for example, via RhoA. Importantly, alterations in RhoA activity have been shown to be important in neuronal migration and formation of band heterotopia (Cappello et al., 2012) . There is also evidence that several ion channels can be directly involved in cell migration by modulating the cell protrusions through changing levels of local cytoplasm (Schwab et al., 2012) .
This exciting novel finding opens up a new interesting field of research with focus on how local changes in ion flux can help neurons finding the right location. Figure 1 . Left: neuronal migration occurring during development under physiological conditions with expression of normal SCN3A in basal/outer radial glial cells (orange) and migrating newborn neurons (blue). Right: aberrant neuronal migration under pathological conditions with mutations in SCN3A due to defects that may affect directly neurons and/or basal/outer radial glial cells.
